The location of fluctuations occurring in a filamentary current flow is detected by spatially resolved photocurrent measurements using optical interband excitation in n-GaAs at low temperatures.
the borders of the current filament. The magnetic field adjusts the width of the tram&m zones and the population of excited donor states at the filament boundary and hence the peak response and the fundamental frequencies in the current oscillations. !3o the frequencies of the current fluctuations become a function of the magnetic field. Impact ionization of excited states of shallow impurities will introduce a small high-frequency current oscillation whereas impact ionization from the ground state of shallow impurities will lead to pronounced cur-rent fluctuations which can be regarded as an oscillation in the width of the current. Breathing filaments due to oscillations in space charge zones were theoretically anticipated by S&l1 [18].
In conclusion, the spatial pattern of current filaments in n-GaAs at low temperatures were reconstructed in a magnetic field by an optical method. A scanning optical microscope was developed which is based on interband excitation induced free carrier multiplication. In a stable filamentary current fjow, ductuations were observed when irradiating the filament boundaries whereas no 5uctuation could be found for exciting the filament itself or the high resistive regions outside. The fundamental frequencies, the strength of response and the spatial width, where current fluctuations may be initiated, are different for opposite edges of the filament characterized by electron depletion and accumulation yielding source and drain of a Hall field. This difference in the generation-recombination kinetics for different regions of the sample is introduced by an external magnetic field and may be the cause of previously observed spontaneous multimodal oscillations like quasiperiodic, frequency-locked and chaotic current fluctuations.
